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Exploring Young Women’s Interest in Fluid Power with Workshop Experiences
Fluid power is not an engineering topic usually presented to students in grades K-12. However
undergraduate students in various programs are required to learn this concept. Evidence exists
that indicates college students are more easily engaged when fluid power has been introduced 
earlier in their schooling. Thus, a variety of organizations are beginning work toward providing 
programs to creatively present the topic to younger students. After an examination of existing 
literature, we found minimal evidence of this type of work having been carried out and reported 
on.
This study examines data from workshops designed to introduce fluid power to middle and high 
school students. These workshops introduced the use of fluid power components along with 
relevant theory. Students were queried after the workshop and after to assess interest/enjoyment, 
motivation, and interest in the workshop materials. 
The results presented in this paper are useful for future workshop designers and presenters. We
share specific information regarding student interest, timing, and type of materials that result in 
higher levels of interest along with the quality of presentation and demonstration materials. Also 
providing guidance on how gender makeup of groups during the workshop influenced these 
results. Further research opportunities are presented as well as suggestions on how to continue
to increase interest, enjoyment, and value in fluid power as this may be applicable other areas of
STEM.
Keywords: female, fluid power, middle school, high school, engagement
Background
Workforce positions involving science, technology, engineering, and math (STEM) are vital to 
the United States’ economic well-being and our competitiveness in an international marketplace
[1]. STEM workforce forecasts vary widely, from future shortages of over 1,000,000 STEM
workers by 2026 [2] to current surpluses [3]. Regardless of shortages or surpluses, corporations
and businesses may struggle to hire STEM workers with specific skill sets, such as designing and 
maintaining fluid power systems [4, 5]. 
According to the Center for Compact and Efficient Fluid Power (CCEFP) [6], fluid power is not
frequently taught in K-12 schools, reducing, or eliminating a key method of exposure and
interest-building for future workers.  The CCEFP was founded as an NSF Engineering Research 
Center created specifically to bring together researchers, educators, and students from different
universities to investigate fundamental and applied topics in fluid power. A CCEFP education 
and outreach committee was created with the intent to increase awareness of fluid power to
diverse audiences in different age groups and populations by providing lesson plans and 
materials [6].  Likewise, the National Fluid Power Association (NFPA), adopted the fluid power
educational foundation in 2017, and is now creating programs to reach out to various audiences, 
spawning from 6th grade to senior level in college.
 





      
   
 
  
     
   
   




   
      
   




    
 
   
   
 
   
    
 
Literature Review
Existing research has looked at instructional methods to increase interest in fluid power at the 
undergraduate level. Flipped classrooms, where content is reviewed before class and class time is 
spent on problem-solving activities, yielded positive student feedback as well as increased 
learning when compared to traditionally taught sections [7]. 
Raising Student Interest in Fluid Power
Blended classrooms, using extensive on-line tutorials and other materials available to students
yielded positive results in learning and student satisfaction [8]. Team-based hands-on activities
were implemented in another fluid power course and students reported that they felt their
understanding and interest both increased due to the activities [9].  In yet another course,
students completed interactive, competitive, and ungraded activities in class to enhance their
learning of fluid power. Faculty involved in this course reported observing enhanced learning in 
this redesigned classroom climate [10].  These studies and others demonstrate that methods exist
to increase learning and interest in fluid power at the undergraduate level [11].  
Exposing students to fluid power and engaging students in related activities in middle school or
high school is important to increasing the number of trained workers in later years, as students
begin to choose career pathways during these years [12]. Additionally, having middle and high 
school students participate in real world, hands-on, engaging activities may be key to promoting 
interest in STEM careers [13]. 
Despite the importance of raising interest prior to undergraduate work, there is little existing 
literature on increasing interest in fluid power or fluid power in middle or high school students. 
The few references found discussed fluid power competitions at area high schools [14, 15] or
described materials that could be built to demonstrate fluid power.
Women’s Interest in STEM/Fluid Power
A great deal of research exists regarding ways to motivate and encourage female students to 
pursue technical careers in many areas of STEM [16-18]. Some of this research points out
structural components that are beyond the scope of university researchers, such as gender of
teachers and school-based ability grouping. Bottia, et al., [19] suggest that having female high 
school teachers in STEM disciplines encourages more women to pursue STEM fields in college, 
although it does not affect men in their participation in STEM.  Wang and Degol [20] report that
when students are separated into ability-tracked mathematics courses, girls can be overlooked
due to lack of exposure to advanced material.  
However, research on informal learning experiences has shown promise as another way to 
increase young women’s interest in STEM fields. Informal learning is characterized as an
activity that is typically selected by the participants, is often hands-on, and takes place in an 
informal setting that is occasionally, but not frequently, visited such as a museum, a planetarium, 
     
 
    
   
   
     
  
   
   
  
      
   
     
        
     
  
    
 
   
 
  
     
     











or a university [21].  Dabney, Johnson, Sonnert, and Sadler [22] discovered that informal science 
experiences during high school predicted the choice of a STEM major by undergraduate women.  
Kim, Sinatra, and Seyranian [23] also identified informal experiences, including mentoring by 
female researchers, as a factor in adolescent women’s STEM interest.
An additional aspect of informal learning that researchers have discussed is whether female 
students’ STEM identity formation, another factor related to interest [24] is influenced by the
gender composition of groups during activities.  When middle-school participants from an all-
female STEM camp were compared with those in a mixed-gender STEM camp, gender played
no role in the young women’s STEM identity formation [25]. Researchers found similar results
when measuring interest across three mixed-gender informal STEM learning groups and one all-
female group of adolescent students [26].  While historically, males have been more likely to 
indicate interest in STEM [27], the gender of the STEM informal learning groups appears to not
significantly influence female students’ interest.  
In our review of the literature, examining informal learning, gender, interest, and value in STEM,
it was determined that existing work involves many different interventions and modes of study
(e.g., [22, 28-31]. However, we were unable to find any exclusively focused on fluid power. 
Intrinsic Motivation, Interest, and Value
Self-determination theory [32] posits that motivation can be described as a spectrum.  At the
lowest end is amotivation, or a complete lack of motivation. External regulation, motivation 
based upon gaining rewards and avoiding punishments is next. Slightly more internal is
introjected regulation, where tasks are performed to avoid shame and guilt. Identified regulation 
is when tasks are completed for the importance. Integrated regulation is the term for when
activities are undertaken because they are valued, and at the highest end of the spectrum is
intrinsic motivation, where one engages in a task for the internal sense of enjoyment [32].
Intrinsic motivation also promotes classroom engagement, and engagement is typically preceded
by student interest [33-35]. 
Research Questions
Having identified a gap in the literature regarding adolescents, gender, intrinsic interest, and 
value in fluid power, we set about examining data on that had been collected as part of informal
fluid power workshops delivered to middle and high school students. The purpose of our
research is to assess the level of interest and value students report after completing the workshop, 
focusing on the female students. 
As we previously stated, we were not able to find any interventions assessing adolescents’ 
interest or value in fluid power. We consider our analyses to be exploratory in nature and hope to 
create a base on which future work can be built. Therefore, we are not putting forth hypotheses. 
Instead, we have identified three research questions.
    
 





   
  
  
   
   
 
   
 
    
  
 
    













• First, what level of interest and value do students report after completing an informal
fluid power workshop? 
• Second, are the interest and value reported by male students different from those
reported by female students?
• Third, does the gender composition of the group play a part in the reported interest and 
value by female students? 
Methods
This research is defined through the following areas: participants, workshops, and measures. 
Each if these are defined in the following sections. 
Participants
The data that we are examining come from informal fluid power workshops for middle and high 
school students held during 2009 and 2010. There was a total of 18 groups for which we had 
survey data, and the groups ranged in size from 4 students to 48 students, with a mean of 17 
students and a standard deviation of 5. Participating students attended workshops on a university 
campus which were sponsored by of a variety of organizations designed to educate students on 
STEM opportunities, including the YMCA, Women in Engineering Programs (WEIP), 
Minorities in Agriculture, Natural Resources, and Related Sciences (MANNRS), and others. 
Including all the workshops, there were 625 participants, including data collected from adult
chaperones who attended with the students. We restricted our sample to participants for which 
we had survey data and to participants who were age 19 or under, indicating that they were of the 
age to have been in or just finished high school. Survey data was collected for 441 students. We 
then restricted our sample to only students who reported both age and gender. This left a sample 
of 415 students. Of those students, 223 were female and 192 were male. Ages ranged from 11 to 
19 with a mean age of 15.7 and standard deviation 1.66.  Over half of the participants were 
between 16 to 19 years of age. 
Workshops
Hands-on workshops were designed with the CCEFP education and outreach committee’s goals
of providing more outreach in fluid power for more audiences. The workshops typically lasted 
approximately 30 to 45 minutes. During the workshops, presenters gave a short introduction on 
fluid power along with the functions of basic components in a fluid power system. They were 
introduced to the micro-excavator which is fluid powered and shown how the different parts
contribute to the whole [36]. Then the students, in groups of approximately 4 to 5, were then
given a schematic of the micro-excavator along with the necessary components to build and 
operate it. Most groups of students were able to assemble the micro-excavator without difficulty. 
When complete, students were tasked with operating the arm and were allowed use the micro-
excavator to dig in the sand table upon which they had built the excavator [37].
 
    
  
   
     
  
   
  
      




   
  
     












    
     
     
    





At the conclusion of the workshop, students completed a 14-question survey with two additional
open-ended questions, and provided demographic information. The survey questions (see
Appendix A) were selected and some were modified from the interest/enjoyment and value
subscales of the Intrinsic Motivation Inventory (IMI) [38].  It is worth noting that the IMI is a
post-experimental survey, designed to assess interest once an event or an experimental
manipulation is complete. Having used it in this way, we do not have data which shows what the
student interest was before they interacted with the micro-excavator.
Of the original fourteen questions from the two IMI subscales, six questions from each subscale
were retained. Nine were retained in their original form. Three IMI questions were modified to 
include language addressing the specific experiment and science/math in general. Over the 
history of the IMI, researchers have frequently modified questions in order to focus questions on 
a topic or experience (e.g., [39, 40]).  In addition to the 12 IMI questions, two new questions
were added to provide feedback about the workshops, asking if participants thought the material
was difficult to grasp and if they would recommend an activity like the workshop be presented at
their school. The overall Cronbach’s alpha reliability [41] for the survey is .89 which would be
considered to be very good.  The six-question interest/enjoyment subscale had a reliability of .77 
which is considered good and the six-question value subscale had a reliability of .81, which 
would also be considered good. These reliability numbers are in line with other uses of the IMI
[39, 40].  
The students were asked to report on their most favorite aspect of the micro-excavator activity
and their least favorite aspect. These questions, like the two survey questions that were not
drawn from the IMI, were included to solicit participant feedback and help the researchers
continue to make improvements. All survey and open-ended questions were collected to improve
the existing program. The data were stripped of any identifying student-level information before
analyses began. 
Results/Findings
Our first research question asked what level of interest and value do students report after
completing an informal fluid power workshop. It is important to note that the Intrinsic
Motivation Inventory (IMI), the measure that was used in our study to assess interest, is not
intended for pre- and post-administration [38] so we do not have a measure of interest before the 
workshops began.  The IMI is assessed on a 7-point Likert-type scale giving it a midpoint of 4. If
a mean of student responses surpassed 4, that showed it indicated interest or value, and below
four, it was showing a lack of interest or value. On the Interest/Enjoyment subscale, the overall 
mean was 6.09, which indicated that students expressed interest in the workshop. On the Value 
subscale, the overall mean was 5.28, which indicated that students found value in the workshop, 




     
      
      










     
  
    
  






    
    
        
        
 
       
  
    
 
         
  





IMI Dimension N Low High Mean SD
Interest/Enjoyment 415 3.00 7.00 6.09 .83
Value 415 1.00 7.00 5.28 1.18
Table 1. Mean IMI Scores of All Students
Our second research question asked if there would be a difference in the responses of female and 
male students. When we analyzed the responses by gender, we found that males reported 
significantly more interest/enjoyment and value than female students did. On the
Interest/Enjoyment subscale, the mean for females was 5.88 and the mean for males was 6.33.  
On the Value subscale, the mean for females was 5.03 and the mean for males was 5.59. We 
conducted an independent samples t-test and discovered that the differences between the female 
and male students on interest/enjoyment and value were both statistically significant. The t test 
for interest and enjoyment, t(413) = -5.67, p < .001, showed that male students reported
significantly more interest and enjoyment, and the difference between the means of .45 scale 
points indicated a moderate effect of gender, d = .55. The t test for value, t (413) = -4.862, p <
.001, showed that the male students reported significantly more value, and the difference 
between the means of .56 scale points indicated again a moderate effect of gender, d = .50, as
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Table 2. Independent t-Tests for Interest/Enjoyment and Value Between Males and Females
Our third question asked if there would be a difference in interest and enjoyment or value
reported by female students, depending on the gender composition of the workshop. For ease in
analysis and interpretation, the groups were divided into three groups, depending on the
percentage of female students: 9 – 49% (6 groups), 50 – 75% (7 groups), and 100% (5 groups). 
While these clusters are not divided into strict tertials, this method allowed for similar numbers
of groups within each cluster while also allowing us to analyze groups that were less-than-half
female, more-than-half female, and all female. There were no groups with all male participants, 
and there were no groups with 76 to 99% females. 
To answer the question about the effect of group gender composition, we first selected only the 





   


















   
 
Value subscales by the percentage of females in their workshop group. In the case of
Interest/Enjoyment, there was no relationship with the percentage of females, r = .02, ns. 
However, when we examined Value and percentage of females, we found a significant
relationship, indicating that as the percentage of females increased the value that they reported at
the end of the workshop also increased, r = .11, p < .05.
To address any confounding variables, we also investigated the relationship of age among the
female students. Age was correlated with Interest/Enjoyment, r = .21, p < .01, indicating that as
age increased, reported interest and enjoyment of the workshop increased. Age was also 
correlated with Value, r = .24, p < .01, indicating that as age increased, reported value in the
workshop increased. Age was also correlated with the percentage of females in the workshop 
group, r = .18, p < .01, demonstrating that the more females were in the group, the more likely 
they were to be older female students. While this was not part of our research question, it is not
completely unexpected as some of the workshop sponsor groups, such as Women in 
Engineering, were designed to attract young women who are exploring college majors, and 
therefore likely older than the youngest participants who were in junior high as shown in Table 3 
below.
       
       
 
 
      
       
         
Variable n M SD 1 2 3
1. Age 223 15.6 1.62 —
2. Interest/ 223 5.88 0.90 .214** —
Enjoyment
3. Value 223 5.03 0.27 .244** .729** —
4. Percent of Females — — — .179** .019 .144* 
Table 3. Correlation Among Female Participants’ Age and Their Interest/Enjoyment and Value
for Workshops
Since age and percentage of females in the workshop group were both correlated with reported 
value, we ran a multiple linear regression to determine where the effect was situated. The results
of the regression indicated that the two predictors explained 5% of the variance, (R2 = .05, F(2, 
220) =  5.33, p < .001). However, deconstructing the results of the multiple regression showed 
that all the variance came from age as a predictor. It was found that only age significantly 
predicted value, (β= .22, p < .01), and percentage of females did not significantly predict value 
when age was accounted for (β = .02, ns).
Once we had discovered that age predicted reporting value in the workshops for female students, 
and was correlated with interest/enjoyment in the workshops, we wanted to explore other
 
   
   
 
 






    





















   
 
 
    
potential relationships with age of female participants. There were two additional questions that
were added to the IMI in order to provide feedback to the workshop creators:  one addressing 
difficulty, and another asking if the student would recommend a workshop like this be held at
their school. Among female participants, age was not related to the interest in having a workshop 
at their school. However, age was significantly negatively related to whether the female students
felt the workshop material was difficult to understand, r = -.21, p < .01, meaning that the older
the female student was, the less likely she was to indicate that she found it difficult to grasp new
concepts taught during the workshop. Among male participants, age was not correlated with
perception of difficulty, interest in having a workshop at their school, Interest/Enjoyment, or
Value. 
Discussion
In our analyses of the results of the modified IMI survey given to participants of the fluid power
workshops, we found support for two of our three research questions. First, we found that after
the workshop, students were interested and found value in the activity. The Likert-type scale is
labeled Not/Some/Very as a guide for the students in choosing their ratings of the activity, so 
ratings of 6.1 out of 7 in interest/enjoyment and a rating of 5.3 out of 7 in value demonstrate that 
students did find interest/enjoyment and value. In the terms of self-determination theory, at the
end of the event students showed intrinsic motivation, through interest and enjoyment, for the
fluid power activities. They reported some degree of integrated regulation, reporting internalized 
value for workshop as well. 
In answering our next research question regarding the potential difference in reported interest
and value among participants, we found that female students reported less overall
interest/enjoyment and less overall value than male students did. Comparing the mean levels to 
the IMI scale, we can see female students reported a mean level of 5.9 of 7 in interest/enjoyment
and a mean level of 5.0 of 7 in value. Even though the scores of the female students were lower
than the males at a statistically significant level, we feel that this is positive news because the
scores of the young women still indicated they found intrinsic motivation and integrated 
regulation for the workshops. 
Our final research question asked if the percentage of females in the workshop group would have
an impact on the female students’ reported interest/enjoyment or value. There was no effect of
percentage of females in the group for interest/enjoyment. However, we discovered that while 
there appeared to be different levels of value reported based on the percentage of females in the
workshop groups, this difference was an effect of age. The older female students tended to be in 
the all-female groups hosted by groups targeting STEM interest for future college students. 
These young women might have reported increased value as they are close to enrolling in college
and found a workshop on fluid power valuable as they narrow down their potential interests. 
When examining the relationship of age and the other variables of interest, we discovered that as
































less likely to report difficulty in understanding the workshop material. These differences were 
not seen among the male students where there was no relationship between age and 
interest/enjoyment, value, or perception of difficulty. 
Another interesting discovery was that regarding interest in having a workshop similar to the one
that they had participated, female students’ response was positively correlated with their
interest/enjoyment and their perception of value, but negatively correlated with the level of
difficulty that they perceived in the workshop material. Male students’ interest in having a
similar workshop at their school was only correlated with their interest/enjoyment and perception 
of value but not with their sense of difficulty. Unlike male students, female students’ interest in
further workshops depended upon how difficult they thought the workshop was. 
Overall, these analyses raise three key points. First, female students’ interest is likely not 
affected by the gender composition of the workshop group, in line with previous research [25, 
26]. Second, young women appear to perceive more interest/enjoyment and value in workshops
like this when they are older, as opposed to across their school years, as it appears for young 
men. Third, young women may also perceive more interest/enjoyment and value when they also 
perceived that the material is accessible, again unlike the young men in our sample whose
interest did not vary as a factor of their perceived difficulty understanding the material. 
Implications and Future Directions
Our findings raise important issues that researchers and STEM workshop presenters may find 
useful. When considering how to interest young women in STEM fields, it may be likely that
their interest is higher as they approach the end of high school and begin to consider potential
jobs and college majors. Workshops that are designed to appeal to female students before their
junior or senior year of high school may need to be designed differently to capture their interest. 
In addition, it may be useful in future workshops to make sure that all students, but especially 
young women, find the material accessible because their interest, enjoyment, and value depend 
upon how well they feel that they understand the new concepts. 
While it may be difficult to generalize beyond our sample, moving forward, researchers may 
want to investigate why the questions surrounding the timing and accessibility questions
regarding young women’s interest in and perceived value of STEM workshops. Were these 
issues solely related to fluid power or are they seen in other areas of STEM? Since we found that
perceived difficulty of the material decreased as the young women got older and interest and 
value increased as the young women got older, how do we facilitate competence, intrinsic
motivation, and internalization among younger female students? 
Limitations
There two key limitations that we acknowledge in our analyses. First, the participating students
were not randomly selected. They attended the fluid power workshops because they were part of


























   
  








as a student who was exploring a potential interest for future college studies, such as the young 
women attending through the Women in Engineering program. 
Second, we also acknowledge that the measure used to assess outcomes was not designed to be a
pre/post instrument. This removed the potential for us to conduct analyses of students’ prior
interest or value in fluid power. We were only able to assess the variables of interest after the 
workshop was completed. Future research on the fluid power workshops should include an 
assessment that can be reliably administered before and after the workshop. This would provide
the opportunity to see if students’ interest/enjoyment or their value grew over the course of the
workshop. 
Conclusion
Our work with over 400 students from 18 groups in our pilot study has shown us that after a
hands-on workshop, students do report interest, enjoyment, and value in fluid power, achieving 
the goal of the CCEFP education outreach committee of bringing fluid power to a wider
audience. Events and activities such as this could may be a way to increase knowledge of fluid 
power as well as highlight areas where there may be STEM workers shortages in the future. 
We did not see that the young women were affected by the gender composition of the group. 
However, since the older female participants expressed more interest and value toward the end of
high school, future programs may want to capitalize on this and provide programs targeting 
young women at that time. Workshops delivered in the last two years of high school may 
increase intrinsic motivation and integrated regulation for fluid power in young women at a time
when they are considering college majors and future career paths. 
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